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@ Method of etching for Integrated circuits with planarbed dielectric 

(57) An integrated circuit design and method for 
its fabrication are disclosed. A bilevel-dielectric 
(e.g., 33, 35) is formed to cover the active 
regions of a transistor and raised topographic 
features such as a gate runner (e.g., 31). The 
upper level (e.g., 35) of the dielectric is 
planarized to provide for easier subsequent 
multilevel-conductor processing. Windows 
(e.g., 43, 41) are opened in the bOayer dielectric 
by etching through the upper level (e.g., 35) of 
the dielectric, stopping on the lower level (e.g., 
33) of the dielectric. Then the etch procedure is 
continued to etch through the lower level (e.g., 
33) of the dielectric. 



m 



Q- 
LU 



Jouve, 18, ru Saint-D nis, 75001 PARIS 



1 



EP 0 465 044 A2 



2 



Technical Field 

The present invention relates to int grat d cir- 
cuits in general, and more particularly to integrated 
circuits having planarized dielectrics and methods for 
their fabrication. 

Background of the Invention 

In the production of integrated circuits, it is often 
necessary to form openings, termed "windows" (also 
termed "contacts" or "vias") in one or more dielectric 
layers so that electrical contact may be made to 
underlying regions or conductors. After a window is 
opened, a conductive material is deposited within the 
window. Conductive material may also be deposited 
over the dielectric. The conductive layer is then 
lithographically patterned to form electrical conduc- 
tors, often termed "runners." As integrated circuit 
dimensions have shrunk to below about 1um, it has 
become increasingly common to planarize the dielec- 
tric layer prior to forming the windows. The penali- 
zation process yields a flatter dielectric surface for 
subsequent lithographic operations which may be 
performed to pattern the dielectric or the subse- 
quently-formed conductive layers. In other words, a 
planar surface reduces the depth of field requirements 
for the optical system used to expose the resist layer 
that defines the pattern. In addition, planarization of 
the first dielectric layer (i.e., the one adjacent the gate 
and source/drain regions) facilitates the patterning of 
subsequent dielectric and conductive layers in so-cal- 
led multi-level metal processes. 

Various techniques have been developed to 
planarize dielectric layers. One technique, referred to 
as a "resist etchback," involves depositing a resist 
material on the surface to be planarized. Since the 
resist is a liquid, its top surface assumes a flat profile 
regardless of underlying irregularities. A plasma etch 
(e.g., reactive ion etch) of the hardened resist and the 
underlying dielectric causes the flat surface of the res- 
ist to be transferred into the underlying dielectric since 
the etch rate of the resist is chosen to be similar to that 
of the dielectric. In another technique, a mechanical 
wafer polisher is used to planarize the surface of the 
dielectric. 

Unfortunately, planarization, though desirable for 
the reasons mentioned above, presents certain prob- 
lems in subsequent processing. After a dielectric layer 
has been planarized, it is necessary, as mentioned 
before, to open windows by etching the dielectric. 
Since the thickness of the planarized dielectric varies 
with respect to th underlying topographic features, 
the window etching procedure may overetch and 
damage certain of these underlying topographic feat- 
ures. For example, in a typical FET window etching 
process, gate runners which extend ov r field oxid s 
may be damaged by tching proc sses which ar 



designed t open windows to source and drain reg- 
ions as well as gate runners. 

Summary of the Invention 

5 

An illustrative embodiment of the present inven- 
tion provides a method of fabricating an integrated cir- 
cuit including steps of: 

forming a raised topographic feature upon a 
w substrate; 

forming a first dielectric layer covering the 
raised topographic feature; 

forming a second dielectric layer covering the 
first dielectric layer, 
15 planarizing the second dielectric layer, 

selectively etching the second dielectric layer 
to create at least two openings, the first opening being 
above the topographic feature and the second open- 
ing being above the substrate, the etching process 
20 stopping in the second opening in the vicinity of the 
first dielectric; and then 

etching said first dielectric to extend the sec- 
ond opening to the substrate. 

Illustratively, the etching process employed to 
25 etch the planarized second dielectric exhibits good 
selectivity against etching the first dielectric. Conse- 
quently, openings of various depths may be created 
without substantial damage to the first dielectric or to 
raised features which underlie the first dielectric; such 
30 as gate runners or higher level runners (which may be 
silicided). Thus, the invention helps to prevent 
removal of all of the sSicide over gate runners. 

Brief Description of the Drawing 

35 

FIGs. 1-3 are cross-sectional views which 
schematically show an illustrative embodiment of the 
present invention. 

40 Detailed Description 

The present invention provides an integrated cir- 
cuit with a planarized dielectric which may be etched 
without fear of severely damaging underlying struc- 

45 tures. In an illustrative embodiment, the dielectric is a 
bi-layer dielectric. The lower or first dielectric layer 
covers the integrated circuit with a uniform thickness. 
The upper or second dielectric covers the first dielec- 
tric. The upper or second dielectric is planarized. 

so Then the upper or second dielectric is etched with an 
etching procedure which exhibits good selectivity 
against the first dielectric layer. The first dielectric ser- 
ves to provide a useful resource of protection to the 
underlying structures.Cons quently, openings of vari- 

55 ous depts may be created in th second die! ctric 
layer without significantly damaging or overetching 
the underlying structures beneath the lower r first 
dielectric. After the second dielectric layer has been 
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etched in all desired locations, a drff rent etching pro- 
cedur is used to etch the first diet ctric layer (which 
has a fairly uniform thickness). 

Referring to FIG. 1 , a section of a MOS circuit for- 
med in a substrate is illustrated. Substrate 1 1 may be 
silicon or an epitaxial layer of silicon formed on silicon 
or other materials. For example, reference numeral 11 
may also denote a doped tub region. MOSFET gate 
oxide 19 is covered by conductor 21 which may be, 
typically, polysilicon. Conductor 21 may be covered, 
if desired, by a silicide layer 23 which may be titanium 
silicide or another refractory metal silicide. Junctions 
15 and 17 may be covered with silicides 25 and 27, 
respectively, if desired. Field oxide 13 serves to sepa- 
rate adjacent transistors. A gate runner including con- 
ductor 29 and silicide 21 is formed atop field oxide 13 
(note that gate runner 29, 31 runs essentially perpen- 
dicular to the plane of the figure and may comprise an 
extension of the gate structure of another transistor 
located outside the plane of the figure). Although gate 
spacers have not been illustrated in the figure and 
lightly-doped-drain (LDD) junctions have not been 
shown either, such structures may be included if des- 
ired. Dielectric layer 33 covers the illustrated transis- 
tor and gate runner. Dielectric layer 33 is a generally 
conformal layer typically of silicon dioxide. Layer 33 
may be deposited by the decomposition by heating of 
tetraethoxysilane (TEOS) gas. Other organometallic 
precursors known to those skilled in the art may also 
be used. In an illustrative embodiment, layer 33 may 
be formed from TEOS to a thickness of approximately 
200nm. The thickness is not critical to the practice of 
this invention and a wide range of thicknesses may be 
employed. Illustratively, a range of 180-220nm may 
be employed. 

Dielectric layer 35 covers dielectric layer 33. In an 
illustrative embodiment, dielectric layer 35 may be for- 
med from TEOS, including approximately 4±1/2% 
each of phosphorous and boron by weight A variety 
of other precursor gases are known in the art for pro- 
ducing dielectrics 33 and 35 in either a doped or 
undoped state to any desired thickness. Typically, in 
applicants' investigations the thickness of layer 35 
may approximately 12000A±1000A before penali- 
zation. 

Layer 35 is planarized, Typically, layer 35 may be 
planarized by the aforementioned photoresist-etch- 
back technique, or by reactive ion etching, or by 
mechanical penalization or some combination of 
these methods. Then patterned resist material 37 is 
formed upon the upper surface 39 of dielectric layer 
35. 

It is desired to cr ate openings trough dielectrics 
35 and 33 to silicides 31 and 25. (If silicides 31 and 
25 are not employed, it will be assumed that it is, 
nevertheless, desired to create openings to conduc- 
tors 29 and junction 15.) It will b noted that the dist- 
ance, d 1( betw en upper surface 39 of dielectric 35 



and silicide 31 is less than the distance, d 2 , between 
upp r surface 39 of di lectric 35 and silicid 25. It is 
desired to cr ate op ningst silicides 31 and 25 with- 
out risking significant damage to silicide 31 as the 

5 etching procedure continues to "dig" downward 
toward silicide 35. In many applications, what consti- 
tutes "significant" damage is functionally defined as 
the continued ability of the silicide to serve as an 
acceptably low resistance conductor. 

10 The present invention provides a solution to the 
aforementioned dilemma as illustrated in FIGs. 2 and 
3. 

Turning to FIG. 2, it will be noted that dielectric 35 
has been etched by an etching procedure which exhi- 

15 bits satisfactory selectivity against dielectric layer 33. 
In particular, it will be noted that the etching procedure 
may create some damage to upper surface 41 of 
dielectric 33 located above gate runner 29, 31. Some 
amount of penetration into layer 33 (and even into siln 

20 cide 31 ) may be observed and tolerated. In the mean- 
time, the etching procedure has etched downward 
through a considerably greater thickness of dielectric 
35 towards silicide 25, stopping approximately at 
upper surface 43 of dielectric 33. 

25 Turning now to FIG. 3 f there is illustrated the 
structure of FIG. 2 after the etching process is com- 
pleted. After dielectric 35 has been etched downward 
exposing dielectric 33, then dielectric 33 is etched 
downward completely exposing silicides 31 and 25. 

30 Ideally, etching of dielectric 33 may be accomplished 
without significantly damaging silicides 31 or 25 
because the initial thickness of dielectric 33 is com- 
paratively uniform over silicides 31 and 25. 

After openings 51 and 53 have been created, they 

35 may be filled with conductive material and subse- 
quent integrated circuit processing may continue. 

In an illustrative embodiment, as mentioned bef- 
ore, regions 25 and 31 are titanium silicide; dielectric 
33 is TEOS, and dielectric 35 is BPTEOS. Applicants 

40 have found that an etch procedure for dielectric 35 
which is satisfactorily selective against dielectric 33 
may be performed in an AME 5000 machine (man- 
ufactured by Applied Materials, Inc., Santa Clara, CA) 
using 30 seem of CHF 3 and 60 seem of Ar, (optionally 

45 a small amount of CF 4 u p to 3 seem may also be used) 
at a power of 625 watts, pressure of 85 milliTorr and 
magnetic field of 60 Gauss. It is hypothesized that one 
of the reasons why the etch is selective is because it 
relies upon a polymeric accumulation upon surfaces 

so 41 and 43. The polymer probably contains carbon, 
hydrogen and flourine originating from the CHF 3 . After 
the etch procedure creates the configuration 
schematically depicted in FIG. 2, a contact descum 
procedure in pure oxygen at a flow rate of 50 seem at 

55 20mTorr for 7 seconds is performed to remov the 
polymer which has accumulated upon surfaces 41 
and 43. Then a final etch procedure is perform d to 
creat the configuration of FIG. 3 by etching through 
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dielectric 33. The final etch procedure includes: 30 
seem of CHF 3 , 60 seem of Ar, and 8-12 seem (prefer- 
ably 9 seem) of CF 4 , at the sam power, pressure, and 
magnetic field as before. In the illustrative embodi- 
ment just discussed, the procedure has worked well 
for opening 0.7u,m diameter and larger windows. 

In general terms, applicants have found that the 
addition of CF 4 tends to enhance etch rates and 
reduce selectivity. It is hypothesized that fluorine gas 
is a byproduct of CF 4 breakdown in the etch plasma. 
The fluorine may attack the polymer mentioned 
above, thus enhancing etch rate and reducing the 
apparent selectivity created by the polymer. 

The inventive procedure may be employed at 
upper levels of an integrated circuit also. For example, 
if it is desired to make contacts to runners or other ele- 
vated topographic features while simultaneously 
making contact to a less elevated region or structure 
this invention may be employed. 

Applicants have found, incidentally, that etch 
selectivity (at least for submicron windows) appa- 
rently depends somewhat upon aspect ratio, as welt 
as the etch chemistry, and that, as aspect ratio 
increases (at least in the submicron regime), selec- 
tivity also increases. The following example illustrates 
the effects of aspect ratio. 

Referring to FIG. 1 , layer 33 may be TEOS with 
a thickness of 200 nm. Thickness may be 650nm 
(i.e., 450nm BPTEOS over 200nm TEOS). Thickness 
d 2 may be 1 100nm (i.e., 900m BPTEOS over 200nm 
TEOS). If an etch recipe employing significant 
amounts of CF 4 (for example, 9 seem or so) together 
with CHF 3 and Argon, were employed at the outset 
(contrary to applicants'present teaching), the obser- 
ved selectivity of the etch process for BPTEOS 
against TEOS would be 1 .3 or 1 .5 to 1 for both d t and 
d 2 windows. The selectivity of this recipe for TEOS 
against TiSi 2 is approximately 10 to 1. 

If the CF 4 is dramatically reduced or eliminated, 
then the selectivity of the etch recipe for TEOS against 
TiSi 2 increases to nearly 25 to 1. Concurrently, the 
selectivity of the etch recipe for BPTEOS against 
TEOS is observed to depend upon aspect ratio. For 
thickness di the selectivity is nearly 2 to 1. For thick- 
ness d 2 the selectivity increases to nearly 10 to 1. 

Thus, the inventive etch process employs a two- 
step procedure in which an etching recipe without 
substantial amounts of CF 4 is employed first This first 
step exhibits great selectivity for BPTEOS against 
TEOS over the source/drain region (i.e., thickness d 2 ) 
and at least acceptable selectivity over the gate run- 
ner (i.e., thickness d^. In practice, the first etch step 
is sometimes observed to penetrate th TEOS and 
even etch silicide 31. Typical silicide 31 thickness s 
are 80nm. The first etch step may remove as much as 
27nm of silicide. (Previous recipes employed by those 
skilled in th art, which include significant amounts of 
CF 4 in one-st p process s over single lay r dielec- 



1 . A method of fabricating an integrated circuit com- 
prising the steps of: 

forming a raised topographic feature (e.g., 
31 ) upon a substrate (e.g., 11) 

forming a first dielectric layer (e.g., 33) 
covering said raised topographic feature (e.g., 
31); 

forming a second dielectric layer (e.g., 35) 
covering said first dielectric layer (e.g., 31) 
35 CHARACTERIZED BY THE further steps 

of planarizing said second dielectric layer (e.g., 
35); 

selectively etching said second dielectric 
layer (e.g., 35) to create at least first (e.g., 41) and 

40 second openings (e.g., 43), said first opening 
(e.g., 41) being above said topographic feature 
and said second opening (e.g., 43) being above 
said substrate (e.g., 11), said etching process 
stopping in said second opening (e.g., 43) in the 

45 vicinity of said first dielectric (e.g., 33); and then 
etching said first dielectric (e.g., 33) to 
extend said second opening (e.g., 43) to said sub- 
strate (e.g., 11). 

so 2. The method of claim 1 in which said first dielectric 
(e.g., 33) is formed from TEOS. 

3. The method of claim 1 in which said second 
dielectric (e.g., 35) is formed from BTEOS. 

55 

4. The method of claim 1 in which said second 
di lectric (e.g., 35) contains boron and phosphor- 
ous each in 4 ± 1/2% by weight. 



tries often removed as much as 70nm or more of silh 
cide. Complete silicide rem val was often obs rved.) 

The second etch step, which mploys a signific- 
ant amount of CF 4 , is employed to completely open 

5 both windows, and thus, in particular to open the win- 
dow d 2 without unacceptable degradation of silicide 
31. In practice, the second step is frequently carried 
out for a period of time longer than minimally neces- 
sary (i.e., overetching is performed) so that the artisan 

10 is confident that all windows on a wafer are opened. 
Consequently, if the thickness of layer 33 is 200nm, 
the etch may be carried out long enough to remove, 
on the average, 300nm (typically one minute or so). 
Under these circumstances, 30nm of silicide may be 

15 removed from both junction silicide 23 and runner sili- 
cide 31 , leaving 80-30nm =50nm of junction silicide 
25 and 80-27-30=23nm runner silicide 31. Both 
remaining silicide thicknesses have been found 
acceptable in practice. 

20 The present invention may find applicability in bi- 
polar, BiCMOS, and group lll-V integrated circuits. 
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5. The m th d of claim 1 in which said second 
di f ctric (e.g., 35) is etch d mploying 30 seem 
± 10% of CHF 3 ; 60 seem ± 10% of Ar and 0-3 
seem of CF 4 in a plasma. 

5 

6. The method of claim 1 in which said first dielectric 
(e.g., 33) is etched employing 30 seem ± 10% of 
CHF 3 ; 60 seem ± 1 0% of Ar, and 8-1 2 seem of CF 4 
in a plasma. 

10 

7. The method of claim 1 in which said substrate 
(e.g., 11) beneath said second opening (e.g., 43) 
contains a refractory metal silicide. 

8. The method of claim 2 in which the thickness of is 
said first dielectric (e.g., 33) is 200nm ± 10%. 

9. The method of claim 3 in which the thickness of 
said second dielectric (e.g., 35) is 650nm. 

20 

10. The method of claim 1 in which said second 
dielectric (e.g., 35) is planarized by a resist 
etchback technique. 

25 
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